A leptospiral cell is a small (0.10 by 20 ,um), tightly coiled organism surrounded by a closely adhering outer envelope or sheath. The sheath, which has been estimated to be 11 nm wide, has three (10, 13) (8) , while each of the two remaining pellets were suspended in 2 ml of distilled water. The latter two suspensions were then pipetted into two 100-ml portions of I M NaCl and held for 30 min at 23 C. Conversion of the Leptospira into spherical saltaltered cells (SAC) was confirmed by dark-field microscopy. The two SAC suspensions were then centrifuged as described above. One pellet was fixed in 1% OS04 (8) , whereas the other was resuspended in 2 ml of distilled water and pipetted into 100 ml of 0.02%, sodium lauryl sulfate (SLS; Sigma Chemical Co., St. Louis, Mo.). After 2 min at 23 C, the suspension was centrifuged as stated above. The conversion of the SAC to spiral cells with low refractility was confirmed by dark-field microscopy.
The pellet of SLS-treated SAC was fixed in 1% OS04 (8) , and the SLS supernatant fluid was filtered through a 0.45-,im membrane filter (Millipore Corp., Bedford, Mass.) and dialyzed against 2 fraction was centrifuged at 27,000 X g for 1 hr at 4 C. The pellet was fixed with 1% OS04 (8) .
Portions of the fixed preparations were washed two times in distilled water, placed on parlodian-covered copper grids, dried, and shadowed with Pt-Pd. The remainder of the fixed preparations were dehydrated and embedded in Epon according to the procedure of Luft (9) . Sections were cut by a diamond kinife on an LKB Ultratome micotome and mounted on parlodian-covered copper grids. After final staining with 2% uranyl acetate, the sections were examined with a Siemans Elmskop I electron microscope.
Preparation of immunization materials. Two liters of caniicola Hond Utrecht IV were grown to a density of 6 X 108 organisms/ml and combined. The volume was divided into three portions and processed as follows:
The whole-cell pellet from a 600-ml culture was suspended in 100 ml of 0.2%/o Formalin and held for 10 jug/ml. These formalized cell suspensions were used immediately for immunization. SAC were produced from a 600-ml culture as described above, and the pellet was washed twice in a 100-ml saline solution. The washed SAC were suspended in saline solution at the same concentrations as the formalized cells, frozen, and held at -20 C for 2 days.
The sheath fraction was extracted from a 600-ml culture as described above with dialysis proceeding for only 48 hr. After final centrifugation, the sheath was collected and suspended in saline solution at the same concentration as formalinized cells. These suspensions were used immediately for immunization.
Immunization procedure. injected subcutaneously in groups of 10 with 1 ml of each of the previously described immunization suspensions. A saline control group was included. The average weight of the hamsters was 40 g. Challenge procedure. Fourteen days after immunization, hamsters were challenged intraperitoneally with 1 ml of a caniicola 27 suspension containing 8.5 X 107 organisms per ml. The challenge organism had been isolated from infected hamster kidney and passed once in Tween 80-albumin salts medium.
Isolation of infecting canicola from hamster kidney. Surviving hamsters were killed and one kidney was removed from each. The kidney was macerated by forcing it through a 2.5-ml sterile syringe into 9. (11) . This procedure allows detection of trace amounts of muramic acid and quantitation of 10 nmoles or more.
RESULTS

Suspension of an unwashed canicola Hond
Utrecht IV pellet in 1 M NaCl brought a rapid conversion of normal leptospiral cells into spherical forms or SAC. The normal cells ( Fig.  1 and 2 ) began bulging at one end, and the process continued down the length of the cell until the entire organism assumed a spherical form (Fig.  3) . The outer envelope ox sheath of the SAC maintained its integrity but pulled away from the protoplasmic cylinder, giving a spherical appearance to the cell. The protoplasmic cylinder appeared to be folded back on itself within this bounding envelope. Upon treatment with 0.02% SLS, the SAC form disappeared with the simultaneous appearance of long coiled cells with low refractility as viewed by dark-field microscopy. This alteration in morphology was due to the solubilization of the outer envelope and the release of the protoplasmic cylinder from within the SAC. Comparison of Fig. 2 and 4 demonstrates the removal of the sheath and the loss of intracellular organization seen in the protoplasmic cylinder from SLS-treated SAC. Some of the sheath remained with the SLS-treated SAC pellet and was not removed by washing with saline. The axial filaments, although not seen in Fig. 4 , were often observed attached to the protoplasmic cylinder after sheath removal.
The isolated sheath (Fig. 5) showed a membrane structure arranged in micelles. Close examination of the micrographs revealed that some micelles were composed of three layers and others of five. No visible wall fragments or whole cells were ever observed in this preparation, and chemical analysis showed muramic acid was absent from the SLS supernatant fluid ( Table 1) . Contamination of the sheath preparation with other cellular components was not determined.
Immunization of hamsters was undertaken to compare the protective effects of whole formalized cells, SAC, and the sheath preparation. As Table 2 indicates, concentrations of 10, 100, and .4.. 1,000 ,ug of each of the immunizing agents protected the animals from death upon challenge with virulent canicola 27. The saline control group of hamsters experienced 80% mortality under the same conditions. Kidney cultures from surviving immunized hamsters were negative, with one exception, whereas both the kidney cultures from the surviving control hamsters were positive. Thus, the sheath preparation and the SAC were satisfactory immunogenic agents, as judged by protection from death and elimination of the carrier state in hamsters.
DISCUSSION
The major structural components of Leptospira include axial filaments, protoplasmic cylinder, and outer envelope or sheath. The axial filaments lie exterior to the protoplasmic cylinder but beneath the sheath, as seen in Fig. 2 . Few The data presented here indicate that the outer sheath of Leptospira can be isolated free of the protoplasmic cylinders and that the isolated sheath preparation is immunogenic in hamsters. Isolation of the sheath is dependent on the dissociation of the sheath-wall complex of the organism with 1 M NaCl and solubilization of the sheath with 0.02% SLS once the dissociation has completely lysed SAC arid protoplasmic cylinders and thus was unsuitable for our use. The changes in leptospiral morphology accompanying the two steps in the procedure are easily monitored by dark-field microscopy, and the process as a whole constitutes a sensitive indicator of sheath removal.
Most leptospiral bacterins presently used consist of whole formalized cells. The observation that the sheath preparation protected hamsters as well as whole formalized cells at the dosages tested indicates a potential role for the sheath preparation in a cell-free bacterin. The yield (dry weight) of the sheath is 15% of the whole leptospire, making bacterin production economically feasible. Chemical and serological analysis of the isolated sheath is presently underway and may yield valuable information correlating serologically active and immunogenic substances on the leptospiral cell surface.
